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SOIL  AND  v;Am'  CONSERVATION 
K^D  PLANT  —  SOIL  RSLATIONSKIPS 
IN  THE  SOUEi.ffiGT 

3y  —  Evan  L,  Flory,  Ecolof^ist. 

Vegetation  probably/-  expresses  the  suinTiiation  of  enTironinent 
better  than  any  recording  device  tliat  will  ever  be  developed; 
therefore^  the  plant  cover  reflects  the  de^gree  of  soil  develop- 
ment, and  in  arid  or  semi-arid  regions,  the  effectiveness  cf  rain- 
fall. 

Soil  depletion  is  always  reflected  by  a  chan-^e  in  vegeta- 
tion,   A  vegetative  association  not  only  develops  in  response  to 
a  specific  environment,  out  is  at  the  same  time  the  ercpression 
and  indication  of  the  same.     Changes  in  vegetation  reflect  the 
degree  of  soil  depletion  from  erosion;  also,  the  degr-je  of  res  bor- 
ation  after  depletion,  and  the  efficiency  of  erosion  control  tech- 
niques employed.     Soil  and  water  conservation  on  the  badly  depleted 
and  eroded  overgi'azed  areas  of  tjie  Southwest  depends  largely  upon 
the  restoration  of  the  original  vegetative  cover.     Natural  reve- 
f-etation  •nroceeds  slovrl^r  throu,5:h  a  definite  series  of  nlant 
successions  on  each  soil  t\^e,  the  climax  for  the  region  being 
developed  coincident  with  the  maturity  of  the  soil  b\rpe.  Enow- 
ledge  of  such  succession  in  relation  to  erosion  control  and 
moisture  conservcrfcion  is  necessary  to  develop  t}i0  most  economical 
and  practical  me  chodst 
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Knovrledge  of  suoeession  entails  not  only  the  sequence  of 
vegetative  types,  but  also  the  intricate  relationships  of  the 
associated  species  in  each  successive  s ta2;e  to  each  other,  and  to 
the  soil  origin,  texture,  structure,  deptli,  decree  of  maturity, 
and  other  factors  influencing  vegetative  development.     Some  plants 
have  rather  ^^neral  preferences  for  certain  factors  and  specific 
preferences  for  other.     If  it  were  possible  to  determine  the  needs 
of  every  single  species,  its  occurrence  in  a  given  location  T\''ould 
tell  us  Vvdthin  the  limits  of  its  tolerance  the  amoijint  and  qualit;/ 
of  each  habitat  factors  "which  contributed  to  its  development. 
Such  information  not  being  available  or  obtainable  vdth  present 
methods,  we  must  confine  our  attention  to  species  which  have  a 
distinct  preference  for  one  factor  or  combination  of  factors,  or 
planbs  v;-ithin  a  community  v^hich  in  their  association  together 
indicate  specific  preferences  because  of  such  association. 

As  previously  mentioned,  one  of  the  more  importo.nt  factors 
or  environment  that  influences  t^.^e  of  plant  cover  is  the  conditio 
or  t;'.'^e  of  soil.     Hie  soil  is  not  a  static  natural  body,  but  one 
that  is  constantly'-  develoDin,-!  or  chan'tinp;;  until  it  covaes  into 
general  equ:  lijrium  vrith  climate,  vegetation,  and  obher  environ- 
mental GonditionG.     Changes  in  either  the  vegetative  cover,  cli- 
mater,  or  soil  conditions  prodtxce  environmental  condit-'.ons  to 
which  eith->'r  tho  soil  or  elant  must  adiust  itself.     It  is  aDi.p.r- 
ent,  therefore,  that,  under  a  given  climate,  progression  or 
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regression  cf  soils  or  plants  is  interdependent,  and  dcvolopTP.ont 
or  degeneration  of  each  is  coincident. 

There  are  in  any  climate  coils  that  have  been  recently 
doposit.-d,  or  that,  for  other  reasons,  are  undoT-^ loped,  and, 
therefore,  do  not  have  the  chemical,  physical,  or  oiolo^ical 
properti'^3  of  a  iTiati-ire  soil  under  the  existing  environment.  Due 
to  different  periods  or  rates  of  deposition  or  erosion,  or  G::po- 
sure  of  parent  rock,  soils  of  varying  stages  of  maturity  can, 
thorcforo,  be  found  in  any  region.     In  general  the  degree  of 
maturit;^''  of  a  soil  can  be  judged  by  the  deve] opment  of  the  "3" 
horizon  or  subsoil.     In  the  process  of  soil  developiaent,  the 
finer  soil  particles  and  mobile  organic  or  soluble  chemical  con- 
stituents i:iov^  dov^v/ard  vath  percolating  rainv/ater  to  relatively 
slight  depth,  resulting  in  the  gradual  formation  of  a  heavier 
textured  or  chemically  enriched  "3"  horizon. 

On  undeveloped  soils,  or  those  ■'.Thich  have  been  depleted  by 
overgrazing,  trampling,  and  consequent  erosion,  a  very  early 
stage  in  succession  v^ill  be  r'  presented  by  a  thin  stand  of  annual 
w^ods.     Undeveloped  soils  containing  high  percentages  of  clay 
and  collodial  mat..rials  usually  have  sufficient  quantities  of 
such  matv^rials  in  the  unleached  surface  to  retard  the  rate  of 
moisture  penetration,  and,  consequently,  to  also  liiait  the 
amount  of  v/ater  absorbed  during  any  limited  period  of  precipi- 
tation.    Undeveloped  soils  vrith  a  coarse  texture,  even  though 
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moisture  penetrates  them  readily,  are  not  capable  of  retaining 
sufficient  moisture  within  the  zone  of  root  occupation  to  support 
a  more  advanced  stage  of  succession.     The  soils  which  have  been 
depleted  by  overgrazing  and  trampling  have  had  their  ability  to 
absorb  .rater  destroyed  by  the  removal  of  var^/lng  degrees  of  the 
permeable  surface.     The  remaining  surface,  or  exposed  subsoil,  has 
been  rendei*ed  impervious  by  compaction,  and  the  sealing  up  of  root 
channels  and  other  pore  spaces.     In  any  of  the  above  conditions 
only  sufficient  moisture  is  absorbed  and  retained  to  support  a 
sparse  annual  grov/th,  v;hich  can  complete  its  life  cycle  v^ithin 
the  period  of  the  growing  season  having  the  heaviest  precipita- 
tion. 

On  the  coarss  textured  undeveloped  soils  breaking  up  of 
the  coarser  particles,  the  translocation  of  these  particles  to  the 
subsoil,  and  accumulation  of  organic  material  will  provide  storage 
capacity  for  increasing  amounts  of  moisture.     On  the  lieavier- 
textured  undeveloped  soils,  and  the  depleted  soils  roots  and 
various  foms  of  macro  and  micro  organisms  tend  to  loosen  up  the 
soil  mass.     In  addition,  the  accumulation  of  vegetative  debris 
checks  the  runof  .'  and  gives  moisture  more  time  to  be  absorbed. 
The  above  processes  vrill  give  rise  to  better  soil  development  and 
a  second  stage  in  the  succession  characterisod  by  a.  heavy  grov/th 
of  the  same  weeds  mth  the  advent  of  a  fov;  annual  grasses.     In  the 
next  stage  of  thu  succession,  the  annual  grasses  vfill  largely 
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displace  the  v/eeds,  and  in  turn  deep  rooted  peromiialG  v^rill  begin 
to  obtain  a  foofiiold  because  of  soil  conditions  encouraging  deeper 
water  penetration. 

The  next  sta^^e  in  the  succession  \vill  consist  larsrely  of 
relatively  deep  rooted  perennial  shrubs  v/ith  an  increasing  per- 
centage of  pioneer  perennial  grasses. 

In  the  final  stage  of  the  succession  as  the  soil  matures 
or  as  regeneration  nears  completion  on  a  depleted  soil,  the  vege- 
tation approaches  the  climatic  terminal  community  or  olimax. 

The  density^  composi tion,  and  vo l\mo^  ,^;r ov.'' th  of  the  vegeta- 
tive cover  quite  com^nonly,  hovrcver,  docs  not  express  the  mo.::imum 
development  possible  under  given  climatic  conditions  because  of 
undeveloped  or  eroded  soils. 

Climax  grasses  of  the  desert  grasslands  are  characterized 
by  0.  dual  root  system.     The  major  portion  of  this  s^^'stem  consists 
of  Y/idely  spread,  finely  branched  roots  that  thorouglily  impre.c^nate 
the  surface  few  inches  of  the  soil.     This  arrangem.ent  facilitates 
the  rapid  absorption  of  the  infrequent  light  rains  before  they  are 
dissipated  because  of  the  high  evaporation  rate  character! s;«ic 
of  this  habitat.     The  minor  portion  of  the  root  system  consists 
of  roots  that  mere  or  less  thoroughl^r  occupy  the  soil  mass  to  a 
depth  of  appro:d.mately  four  feet,     Tne  grass  pltmt  is  able  to 
sustain  itself  through  the  long  protracted  drought  periods  by 
drawing  upon  the  stored  vyater  in  this  zone* 
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3y  intorcepting  the  water  as  it  enters  the  surface  soil, 
the  roots  of  cliiaax  grassos  effectively  cut  off  the  moisture 
supply  to  the  deeper  soil  layers,  and  the  deep  root  systems  of  the 
pioneers,  or  invaders  upon  depletion  of  a  former  climax,     Tlio  deep, 
sparsc-ly  branched  root  systems  of  the  pororjiial  shrub  stage  are 
no  lon~er  effective  in  supplying  water  to  the  plants.     Dead  roots 
of  the  pioneers  or  invaders  are  often  encountered  under  climax 
grass  covers  that  have  developed  in  periods  of  one  to  three  decades, 

Tne  root  systems  of  climax  grasses  have  developed  in  har- 
mony with  a  type  of  "Soil  development  which  allows  them  to  utilize 
the  factors  of  the  habitat  for  mo^ximura  ground  coverage  and  foliage 
production.     The  effectiveness  of  the  climax  cover  for  prctection 
a":;ainst  v/ind  and  water  erosion  is  demonstrated  b'?-  the  m.aourir^s  of 
the  soil  coincident  v/ith  the  development  of  the  climax. 

Stock  Vfcter  Dcvelopm^ent 

A  careful  investigation  of  the  vegetation  and  soils  should 
precede  the  location  of  any  water  development,  in  order  tliat  the 
stock  vrator  development  will  cause  the  least  possible  damage  to 
the  vegetative  cover. 

Thorough  investigation  of  the  plant-soil  relationships 
will  determine  the  ability  of  the  soil  to  maintain  a  vC;^etative 
cover  vdth  a  minimum  of  denudation  and  depletion  under  the  increased 
grazing  and  trampling  that  will  accomipany  e s tab li slime nt  of  the 
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v/o.torin^  place.     The  added  trampling  and  grazing  will  not  ma-'j/^^rially 
affoct  the  original  grass  cover  upon  many  soils,  cithor  in  do- 
croasing  the  density  or  the  introduction  of  noxious  and  poisonous 
species;  but  upon  some  soils,  the  result  vrill  be  an  area  of  drift- 
ing sand  ?.nd  a  7/ecdy  or  denuded  area  of  largo  extent. 

Adjacent  different  soil  types  which  may  ha-,"^  originally  sup- 
ported practically  the  same  composition  and  density  of  voge"cativc 
coTor  do  not  bcoomo  depleted  at  the  same  rate  under  the  same  degree 
of  overgrazing.     Several  instances  have  been  observed  whore  blue 
and  black  grama  grass  roots  have  boon  shortened  by  overgrazing 
from  a  maximum  depth  ranging  between  U.3  cmd  51  inches  to  a  maxi- 
mum depth  of  19  to  21  inches.     On  soil  t^rpos  where  the  shortened 
and  restricted  roots  of  overgrazed  grass  plants  do  not  extend  into 
a  heavier- textured  "B"  horizon,  the  grass  is  soon  thinned  out  and 
replaced  by  unpalatable  species  of  little  erosion  control  value. 
But  on  soil  t;;,'X>es  where  a  heavi jr- textured  "3^'  horizon  exists  within 
roach  of  the  roots  of  the  dominant  grass  of  the  area,  even  when 
the  root  systems  are  materially  shortened  by  overgrazing,  t'lc  grass 
will  bo  able  to  v.dthstand  the  over-utilization  ./ith  a  minim.ujn  of 
harm,     Tnis  is  o:jpocially  true  if  a  rotation  plan  is  practiced  in 
stock  ma.nagcment  so  that  the  grass  plants  can  store  up  a  food 
reserve.     The  location  of  v;atering  and  salting  places  upon  soil 
types  that  can  best  vn.thstand  heaver  usage  will  result  in  a  lighter 
impact  of  grazing  upon  soil  types  least  able  to  withstand  it,  A 


moro  uniform  erosion  resistant  cover  over  an  entire  area  viill  be 
the  result  of  such  practices* 

Mechanical  Measures 

Any  mechanical  erosion  control  measure  instituted  v;ith  a 
view  of  increasing  the  vegetative  cover,  or  v/hose  most  efiectr/c 
operation  depends  upon  vegetation,  should  be  attempted  onlv  -ftcr 
careful  consideration  of  the  plant-soil  relationsiiips.     The  rate 
of  vj-atjr  penetrr.tion,  the  vra tor-holding  capacity,  thu  d-..pth  of 
root  penetration,  and  general  feeding  Ic-rel  of  the  roots  of  tlie 
dominant  species  are  all  factors  tli'^.t  must  bo  Vnovm,  and  the  con- 
trol measur^-s  dosi-'Tned  so  that  the  maximuiii  benefit  mav  be  derived 
from  the  structure  for  soil  and  v/ater  conservation  and  increr.sed 
forage  production. 

Mechanical  erosion  control  m^-asur'js  that  put  more  vrator  into 
the  soil,  in  addition  to  controlling  erosion,  v«rill  improve  and  in- 
crease the  vegetative  cover,  or  augmv^nt  the  underground  w-.ter 
supply  or  both.     The  ultimate  effect  of  tiie  treabnent  will  depend 
upon  the  charact...r  of  the  bedrock  and  various  soil  characteristics, 
a  fcv/  of  the  mos:  important  soil  fer\turos  being  texture,  structure, 
organic  m.atter,  PH,  and  depth, 

Tlie  areas  upon  vrhich  erosion  control  measures  will  produce 
the  best  rusults  in  increasing  vegetative  cover  are  generally 
characterized  by  a  grass  association.     The  dom.inants  of  these 
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associctions  in  Rogion  8  arc  cominonly  blue  gramr.,  black  grr.mo., 
and  gallotT..     These  grasses  exhibit  their  best  devolopmont  on 
modoratcly  to  maturely  developed  soils  vm-re  there  is  OTidont 
profile  development.     The  "B"  horizon  is  noticeably  heavier  te;c-» 
tured,  and  there  are  varying  degrees  of  lime  accumulation  in  the 
subsoil.     The  depth  of  the  clay  concentration  is  determined  by 
the  av.:4ragc  maximum  water  concentration  and  is  coincident  with 
the  general  feeding  level  of  grass  roots. 

An  erosion  control  structure  that  retains  more  than  suf  .'i- 
cicnt  '.mter  to  moisten  the  zone  of  a-rass  root  occunation  is  not 
the  most  efficient  for  erosion  control  because  tho  deeply  pene- 
trating moisture  is  onl^'  o.vailable  to  deep  rooted  species  v^rhich 
have  relativelv  few  sparselv  br'^Jiched  lateral  roots  and  are  not 
highly  effective  soil  binders.     On  the  finer- textured  soils  suff- 
icient moisture  cannot  be  reta.ined  to  moisten  the  zone  of  root 
occupation  at  one  time  as  the  rate  of  infiltration  is  sc  slow  that 
a  sufficient  amount  of  water  would  stand  on  the  surface  more  than 
36  hours.     The  grasses  mentioned  above  are  not  able  to  withstand 
free  vr;.tjr  sto.ndini^  on  the  surface  for  a  lont^rer  iD^ried  than  this 
vd.thout  injury.     Structures  built  for  the  purpose  of  stimulating 
and  maintaining  the  grass  cover  should  not  pro"/ide  for  penetration 
beloa-  depths  befeveen  3^  and  I4.8  inches,  as  moisture  beloiV  this 
range  is  not  available  to  the  above  grasses. 

Tlie  folla7ing  averages  from  10  to  1^  soils  of  Region  8 


in  on.oH  tcxtural  class  indieato  within  broad  limits  their  capa» 
oitlca  to  absorb  and  hold  moisture.     Soils  included  'Terc  relatively 
free  from  def locculating  salts  'Thioh  materially  decrease  the  rate 
of  percolation. 
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Fran  the  above,  it  is  evident  that  more  than  3  inches  of 
water  reta.ined  by  a  structure  on  a  sandy  soil  vfill  be  of  no  bene- 
fit to  grass.     On  a  sandy  loam  7  inches  may  be  retained,  and  on 
a  silt  loam  9  inches  may  be  held,  but  on  a  alay  loam  only  7  inches 
may  be  safely  detained  even  though  this  amount  will  ponetrr.te  less 
than  2I4.  inches  because  a  greater  amount  Y/ould  cause  free  v^ater  to 
stand  on  the  surface  more  than  J>6  hours t 

Any  erosion  control  measure  vi^ich  denudes  wide  strips  of 
soil  is  not  desirable  becauso  of  the  protective  effect  of  a  vcgo- 
tative  cover.     The  small  frequent  structure  ^vhioh  disturbs  only 
a  narrov/  strip  of  vegetation,  beneath  vz-hioh  roots  of  undisturbed 
grass  plants  remain,  which  hold  only  a  sufficient  amount  of 
wo.ter  to  be  absorbed  within  the  zone  of  root  occupation,  and 
which  hold  no  more  v/ator  than  can  bo  absorbed  -.Tithin  a  period^ 
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of  36  hours,  ^vill  rosult  in  the  gror.tcst  vcgotr.tivo  gro^.'-rth,  Propor 
spacing  vrlll  be  dotcmincd  by  slope,   soil  toxturc,  "'.nd  v-ogotr.tiTC 

Cr>rrying  Crupc^.  cities 

Vegetation  is  not  able  to  withstand  equal  utilization  on 
different  soil  types.    Vie  11-deve loped  soils  with      permcr.ble  sur- 
face and  a  subsoil  v.dth  moderate  clay  content  vrithin  the  gen^-ral 
feeding  level  of  grass  roots  can  ydthstand  much  more  sw'ere  usa;;^o 
without  deterioration  and  vvlll  recover  more  quio My  under  the 
same  usage  or  make  recovery  under  heavier  us  .ge  than  soils  -.vith 
an  impervious  surface,  or  ones  which  have  a  coarse  texture  through- 
out, 

The  well-developed  soil  vn.ll  absorb  v^ater  readily  and  stare 
it  within  the  genorr>.l  feeding  level  of  grass  roots.     Plere  rainfall 
attains  its  highest  efficiency,  maintains  the  greatest  density, 
and  yields  the  greatest  volume  of  grovrth.     Soils  v/ith  an  imper- 
■'tIous  surface  absorb  very  little  moisture,  Y/hilo  in  those  immature 
soils  that  arc  coarse  textured  throughout,  moisture  soon  escapes 
to  depths  below  the  feeding  zone  of  the  grass  roots.     In  soils 
h-vring  these  characteristics^  r?. infall  has  a  very  lo'.r  efficiency; 
grass  roots  are  shortened  rapidly  under  overgrazing,  and  give  way 
very  soon  to  annuals  in  the  case  ©f  impervious  soils,  or  to  doop- 
rooted  Woody  or  unpalatable  perorjiials  in  the  case  of  coarse- 
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bcxturcd  soils.     A  soil  v/'ith  r.  ccarso  texture  throughout  tho 
profile  may  be  able  to  hold  sufficient  moisture  to  sustain  a 
good  stand  of  grass  under  high  rainfall,  but  it  will  771  th stand 
very  little  usage  because  the  soil  mass  occupied  by  the  shortened 
and  restricted  root  systems  of  heavily  used  grass  plants  eamiot 
hold  enough  moisture  to  maintain  the  grass  stand  through  pro- 
longed drought  periods.     The  latter  two  soils  ^will  need  lighter 
stoclcing  to  make  an  appreciable  recovery  than  would  be  the  case 
with  the  first  soil  mentioned. 

The  frequency  and  degree  of  grazing  v>rhich  will  yield  the 
greatest  sustained  yield  of  fora[:;e  through  a  period  of  years  is, 
also,  the  frequency  and  degree  of  grazing  which  vri.ll  maintain  the 
greatest  plant  vigor;  that  this  Yn.ll  vary  v/ith  different  soil 
types  is  beyond  question. 

Best  results  from  the  grass  cover  for  soil  and  v;-ater  con- 
servation and  forage  production  can  only  be  obtained  when  full 
recognition  is  given  plant-soil  relationships  in  the  f ormui^ation 
of  range  management  plans,    A  careful  consideration  of  soil  re- 
lationships is  as  necessary  in  the  production  of  natural  vegeta- 
tion as  in  the  production  of  cultivated  crops, 

Natural  and  Artificial  Revegetation 

Nature  is  prodigal  in  supplying  seed  for  maintaining;  or 
reestablishing  itself.     ITature  a.s  well  has  placed  plants  in 


•13- 

those  positions,  by  selection  and  survival  of  the  fittest,  ■.There 
they  are  best  fitted  to  gro^vV,  flovrer,  fruit,  seed,  and  maintain 
their  dominance.     The  establishment  and  maintenance  of  a  species 
presupposes  the  ability  of  the  plant  to  produce  viable  germules 
and  also  a  habitat  that  encourages  their  establishment,  Grant- 
ing the  above  premises,  if  as  little  as  one  percent  density  of 
t?ie  oric^inal  desirable  vegetation  remains,  it  will  r>robablv  be 
able  to  re-establish  itself  when  a  suitable  combination  of  favcr- 
able  conditions  occurs.     The  combination  of  conditions  necessary 
to  materially  increase  a  species  might  probably  be  an  abundant 
supply  of  moisture  one  year  to  produce  a  plentiful  supply  of 
good  viable  seed,  folloived  by  a  season  of  sufficient  moisture 
not  only  to  germinate  but  to  maintain  the  seedling  until  it  can 
become  established. 

In  artificial  revegetation  viable  seed  is  present,  but 
there  is  no  assurance  that  conditions  for  the  successful  germina- 
tion and  establishment  of  the  plants  follo'a'".     It  is  quite 
probable  that  such  a  combination  of  conditions  may  not  oceur  for 
as  long  a  period  as  a  decade.     It  is  advisable,  therefore,  that 
no  attempt  be  made  at  artificial  resoeding  of  a  species  that  is 
present  in  any  appreciable  amount. 

If  the  original  cover  is  not  present  in  any  appreciable 
amount,  it  v.'ould  not  a-o^^ear  feasible  to  reseod  to  that  po.rticular 
species,  but  to  som.e  subclimax  tyvc ,  as  the  destruction  of  a  habi- 
tat suitable  for  maintaining  a  climax  usually  accompanies  the 
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